Background: Evidence linking fitness and decreased psychosocial stress comes from studies
Introduction
The hypothalamic-pituitary-andrenal (HPA) axis is the body's main physiological stress response system and is typically examined using salivary cortisol. Cortisol plays an essential role in regulating physiological function around the 24-hour light/dark cycle. In healthy individuals, cortisol exhibits a marked circadian rhythm, with peak levels in the morning following awakening and declining levels thereafter (Smyth, Hucklebridge, Thorn, Evans & Clow, 2013) . Both physical (e.g. electric shock) and psychological (e.g public speaking)
stressors can activate the HPA axis resulting in cortisol secretion (Dickerson & Kemeny, 2004) . Whilst short-term activation is adaptive and essential for normal functioning, repeated activation can lead to cortisol dysregulation and disrupted circadian patterns; which are related to physical and psychological ill-health (Kyrou & Tsigos, 2009; McEwen, 2013) .
Physical activity (PA) provides well-documented health benefits and is a remedy for many stress related illnesses (Klaperski, von Dawans, Heinrichs & Fuchs, 2013; 2014; Pasco et al., 2011; Reed & Buck, 2009; Thompson et al, 2012; Warburton, Nicol & Bredin, 2006) . The cross-stressor adaptation hypothesis suggests that regular PA leads to biological adaptations which contribute to reduced physiological reactions to psychosocial stress (Klaperski et al.,
Method

Participants
A total of 164 participants were recruited to take part in the study, all of whom were psychology students. Seventy five of these participants took part in a standardised walk prior to a psychosocial stress test. Eighty nine participants took part in the psychosocial stress testing without the prior walking period. The non-walking group comprised two sub-groups: eleven participants (non-walking group 1) were tested in parallel to the walking group whilst data for 78 participants were derived from identical research procedures (non-walking group 2) (Smyth et al., 2015) . All participants were non-athletic; meaning that they did not compete in any sporting activities at a national level or above. Data collection for all participants took place between January and March.
In order to control for gender differences in cortisol responses all participants were female (mean±SD age: 20.1±3.4years). Exclusion criteria included steroid medication, any illness preventing participation in PA and history of psychiatric illness; all of which are known to influence cortisol secretion (See Smyth et al., 2013) . As cortisol secretion is also influenced by the menstrual cycle, the number of days since the last period was recorded alongside measures of oral contraceptive use, height, weight and smoking status (Smyth et al., 2013; 2015) . The study was approved by the University Ethics committee. Participants did not receive financial incentives for participation but did receive course credits.
The Walk
Participant fitness (n=75) was assessed during a thirty minute moderate intensity standardised group walk. The walk took place immediately prior to the preparatory period for the psychosocial stressor (30 minutes prior to the onset of the stress test) and was led by a researcher experienced in conducting PA interventions (Figure 1) . The walk started and ended at the University site and involved walking in a circular route through urban areas and a local urban park. The walks were of a set distance (~1.9 miles) and lasted between 30.7 minutes and 34.3 minutes (average 31.9 minutes); with approximately two thirds of the walk being spent in the urban park. The walks were designed to be reflective of an everyday walk in an urban area during which individuals might typically visit a nearby urban greenspace and attempt to meet one of the five days per week in which they are recommended to perform 30 minutes of moderate intensity PA (Townsend, Wickramasinghe, Williams, Bhatnagar & Rayner, 2015) . Heart rate was monitored throughout the walks using FirstBeat Bodyguard 2 heart rate monitors. The monitors were attached to participants using ECG electrodes and provided a measure of average heart rate during the walk. Fitter individuals have lower heart rates at submaximal exercise intensities (Carter et al., 2003) ; thus those participants with lower average heart rate were deemed to have a greater level of fitness.
Psychosocial stress Test
All participants took part in the Trier Social Stress Test for Groups (TSST-G) (von Dawans, Kirscbaum & Heinrichs, 2011) which has been adapted from the Trier Social Stress Test (TSST) (Kirschbaum, Pirke & Hellhammer, 1993) . Experimental procedures for the current study were identical to those previously used by the authors (Smyth et al., 2015) . Participants were invited to attend a test session at the University on a weekday lunchtime. In the walking group participants arrived at either 12.30pm or 14.00pm for the walking preparation and walk itself. The non-walking group 1 also arrived at this time and were subsequently asked to sit in a room during the period in which the walking group were walking. Following the walking and sitting periods participants went straight into the TSST-G briefing, which took place at either 1.30pm or 3.00pm (see Figure 1) . The non-walking group 2 arrived in time for the TSST-G briefing, which started at either 1.00pm, 2.00pm or 3.00pm and followed the same procedure and timeline as shown in Figure 1 . In line with best practice guidelines testing commenced in the afternoon to control for changes in basal cortisol secretion in the morning and following the post-prandial period (Dockray, Susman & Dorn, 2009; Smyth et al., 2013) .
Participants were asked to refrain from food, caffeine and smoking 30 minutes prior to the research session. The non-walking participants were also asked to refrain from exercise during this time.
The TSST-G comprises uncontrollability and socio-evaluative threat known to reliably activate the HPA axis (Dockray & Kemeny, 2004; Smyth et al., 2015) . The TSST-G included three main phases: i) the group preparatory period (30 minutes); ii) the group stress task period (22 minutes) and; iii) a group resting and debriefing period (40 minutes).
During the preparatory period groups of up to six participants assembled in a room where they were seated around a table. The group sizes ranged from four to six, with 68% of participants being in a group of six, 21% in a group of five and 11% in a group of four. In the walking groups, these were also the same participants who had walked together. Following informed consent, participants completed demographic questions and noted the date of their last menstruation. Participants then received a sticker with a number between one and six for identification and random selection during the TSST-G. Following this, participants were then introduced to the saliva sampling method (see below). Finally, participants were given 10-minutes of quiet time to prepare notes for a mock job interview where they were asked to prepare a 2-minute speech as if applying for a job and to introduce themselves to the committee. At the end of this preparation period participants provided their first saliva sample.
During the TSST-G participants were moved into an additional room and were instructed to stand in a straight line in front of a seated committee consisting of one man and one woman.
The committee were wearing white laboratory coats. There were also two video cameras pointing at the participants. A committee member called the number of each participant in turn in a random order to make their two-minute speech; all participants were present in the room for the duration of the task. Standard responses were given by the committee when participants ended their speech early ("you still have time remaining please continue"). On If participants failed in the subtraction task, standard responses were employed ("you have made a mistake please start again from the number…"). Following the arithmetic task saliva sample three was collected. Immediately after completion of the TSST-G participants returned to the preparation room. Participants provided saliva samples every 10 minutes up to 40 minutes (samples 4-7). During the recovery saliva collection period they were also debriefed on the study. A timeline outling the experimental protocol is provided in Figure 1 .
Saliva sampling
Cortisol was measured in saliva samples collected through use of salivettes (Sarstedt Ltd., Leceister, UK). The salivettes were push caps with swabs made of polypropylene; these salivettes were only suitable for analysis of salivary cortisol. In all participants samples were collected at baseline (immediately before the TSST-G at 0 mins); immediately after the public speaking task (12 mins), after the mental arithmetic task (22 mins); and every 10 mins up to 62 minutes. All saliva samples were frozen at -20 o C until assayed. Samples were thawed and then centrifuged for 10minutes at a speed of 3500 rpm. Cortisol concentrations were determined in duplicates at the Psychophysiology and Stress Research Groups' laboratory at the University and were established by enzyme-linked-immunosorbent assaying, developed by Salimetrics LLC (State College, PA). The standard range in the assay was 0.33-82.77nmol/l. Intra-and inter-assay variations were both <10%.
Statistical analysis
Cortisol data was skewed and a square root transformation was therefore applied to normalize the distributions prior to statistical analyses (von Dawans et al., 2011) . However, the raw cortisol concentrations are displayed in both tables and figures. Cortisol composites were calculated for overall cortisol secretion as "area under curve with respect to ground" (AUC g ) (Pruessner, Kirschbaum, Meinlschmid & Hellhammer, 2003) . Prior to the main analysis, between subjects ANCOVA compared the effect of both test time and test group size on AUC g whilst controlling for age, BMI, oral contraceptive use, menstrual phase and smoking status.
One-way within subjects analysis of variance (ANOVA) was conducted to examine differences in cortisol secretion over time for the walking group. Within-subjects contrasts were used to assess the pattern of cortisol secretion. Hierarchical multiple regression was used to assess the impact of fitness (using average walking heart rate as a continuous variable) on cortisol concentrations (AUC g ) whilst controlling for participant age, BMI, oral contraceptive use, menstrual phase and smoking status; all of which are known to affect cortisol values.
The walking group data was also split into two groups; a 'fit' and 'unfit' group. The walk was designed to be of a moderate intensity. Heart rate during moderate intensity PA is estimated to be between 55-70% of maximum heart rate (Norton, Norton & Sadgrave, 2010); the fit group was therefore defined as participants whose average heart rate during the walk was less than or equal to 70% of maximum heart rate. Maximum heart rate was calculated using the well-known prediction equation of 220-age (Norton, Norton & Sadgrave, 2010), and using the average age of the walking group (19.3years). Thus, the predicted maximum heart rate was 201bpm; with 70% of maximum heart rate being equivalent to 141bpm. The unfit group were participants whose average heart rate during the walk was greater than 141bpm. A between subjects ANCOVA compared the effect of fitness group on AUC g whilst controlling for age, BMI, oral contraceptive use, menstrual phase and smoking status.
In order to ensure there were no differences between the two non-walking groups before combining data, independent t-tests were used to compare age and BMI; whilst Chi-square tests were used to compare smoking status, menstrual phase and oral contraceptive use.
Differences in AUC g between the non-walking groups were also assessed using one-way between subjects ANCOVA whilst controlling for variables known to influence cortisol values.
Following combination of the data, independent t-tests were also used to compare age and BMI in the walking and non-walking groups; whilst Chi-square tests were used to compare smoking status, menstrual phase and oral contraceptive use. One-way within subjects ANOVA was also conducted to examine differences in cortisol over time for all groups.
Within-subjects contrasts were used to assess the pattern of cortisol secretion. Differences in AUC g between the two groups were also assessed using one-way between subjects Between subjects ANCOVA revealed a significant difference between the 'fit' and 'unfit' groups in their AUC g after controlling for variables known to affect cortisol responses [F(1,52)= 5.13; P<0.05; n 2 p = .09]. The 'fit' group had a lower overall AUC g compared to the 'unfit' group (Figure 2) .
Comparison of walking and non-walking groups
Demographic data
Non-walking groups. Independent t-tests revealed no significant differences between the two cohorts of non-walking participants in terms of age (P=0.340; n 2 p = .011) or BMI (P=0.527; n 2 p = .005). A chi-square test also revealed no significant differences in smoking status (P=0.261; V= .119), menstrual phase (P=0.657 V= .047) or oral contraceptive use (P=0.591; V= .057). The majority of participants in both groups were non-smokers, in the luteal phase of their menstrual cycle and did not use oral contraceptives (Table 1) .
Between subjects ANCOVA also revealed no significant differences between the two cohorts in their AUC g after controlling for variables known to affect cortisol responses (P=0.979; n 2 p = .000). The non-walking group data was therefore combined.
Walking and non-walking groups. There were no differences between the walking and nonwalking group in terms of age (P=0.990; n 2 p = .000), BMI (P=0.268; n 2 p = .008), smoking status (P=0.334;V=0.076) or menstrual phase (P=0.074; V=0.143). A chi-square test revealed a significant difference between the two groups in terms of oral contraceptive use (X 2 =19.76; P<0.001; V=0.348). A greater proportion of participants in the walking group reported using oral contraceptives (Table 2) .
Response to the TSST-G. The TSST-G induced an overall cortisol response [F(6,954)= 21.84; P<0.001, n 2 p = .121] that did not differ between the walking and non walking groups.
Within-subjects contrasts revealed a significant quadratic effect [F(1,159)= 63.08; P<0.001, n 2 p = .284]. Participants experienced an increase in cortisol levels from baseline, with cortisol peaking at sample 4 (ten minutes post the TSST-G) and declining thereafter Between subjects ANCOVA also revealed a significant difference in the AUC g between the walking and non-walking groups after controlling for age, BMI, oral contraceptive use, menstrual phase and smoking status [F(1,143)= 7.06; P<0.01; n 2 p = .047]. The walking group had a lower AUC g than the non-walking group (Figure 3 ).
Discussion
The findings of this study indicate that there was a relationship between physical fitness and cortisol secretion in non-athletic healthy individuals: individuals who had a lower average heart rate during a submaximal walking activity (and therefore an enhanced level of fitness) had lower cortisol secretion during a psychosocial stressor. These findings are in line with previous research demonstrating a relationship between self-reported fitness and physiological stress responses; with blunted cortisol responses in fitter individuals (Klaperski et al., 2013 (Klaperski et al., , 2014 Rimmele et al., 2007; Strahler et al., 2016) . However, the majority of these studies used self-reported measures of stress; or compared stress responses in highly trained and sedentary individuals (Strahler et al., 2016) . This is the first known study to examine the relationship between stress responses and fitness measured using physiological measures in an entirely non-althletic group and indicates that greater fitness in a non-athletic population may play an important role in physiological stress regulation. Although there were no differences in cortisol responses to the TSST-G between the two groups, overall cortisol output was lower in the 'fitter' group. Increased cortisol secretion has been associated with ill-health (see Smyth et al., 2013) ; this finding therefore indicates that fitness in a non-athletic population could play a key role in reducing the negative impact of stress on health.
The secondary finding of this study was that individuals' who participate in PA immediately prior to a stressor have a significantly lower cortisol secretion. Whilst the TSST induced an overall cortisol response in both the walking and non-walking groups; participants in the walking group had significantly lower levels of cortisol throughout the sampling period.
The reduced cortisol concentrations in the walking group are likely to be a direct result of the PA. There is a growing and convincing body of evidence to suggest that participation in PA can reduce physiological stress regulation and improve overall health and wellbeing (Klaperski et al., 2013 (Klaperski et al., , 2014 Pasco et al., 2011; Reed & Buck 2009; Thompson et al., 2012; Warburton et al., 2006) . However, this evidence has been based upon overall levels of PA as opposed to the impact of participation in PA immediately prior to a stressor. Individuals in the walking group were of varied fitness with some participants anedcotally reporting that they did very little PA in their everyday lives. These findings suggest that a manipulation of PA on any given day might influence subsequent cortisol secretion; meaning that an individual who does not regularly take part in PA can modify their stress regulation following participation in one PA session. In addition, these results concur with the suggestion that everyday PA is likely to a be a major confounder in stress research (Strahler et al., 2016) and indicate that a one-off walk of short duration can significantly reduce salivary cortisol secretion. This finding suggests that PA could be implemented as a strategy for dealing with anticipated stresses. Given that high cortisol secretion and consequent disrupted cortisol levels are related to physical and psychological ill-health (see Smyth et al., 2013) ; this might be an important strategy for minimising stress and could therefore result in improved public health through a reduction in stress related ill-health.
It could also be speculated that the contact with nature experienced during the park section of the walk (defined as Green Exercise (GE): 'physical activity whilst exposed to nature') contributed to the reduced cortisol levels. There is an increasing body of evidence to suggest that contact with natural environments, including urban green spaces; can significantly reduce physiological stress via reductions in salivary cortisol (Lee et al., 2011; Roe et al., 2013; Thompson et al., 2013) . In fact, Ulrich's psycholevolutionary stress reduction model suggests that there is a direct impact of nature on both body and mind and that this impact occurs via psychoneuroendocrine mechanisms including the HPA axis (Ulrich, 1983; Ulrich et al., 1991) . In addition GE has been demonstrated to provide additive benefits for health and wellbeing above exercise in other environments, including reductions in self-reported stress (Barton & Pretty, 2010; Barton, Griffin & Pretty, 2012; Bowler, Buyung-Ali, Knight & Pullin, 2010; Klaperski et al., 2014; Pretty et al., 2007; Thompson et al., 2012; Thompson Coon et al., 2011; Wood, Pretty & Griffin, 2015) . However; further research is required to confirm whether a nature-based walk is more effective at reducing physiological stress than a walk in a non-green area.
The results of the study are limited to healthy young females. It would therefore be interesting to examine the impact of fitness and prior PA on salivary cortisol concentrations during a stressor in a male population and indeed older and less healthy groups. The use of data from two sets of non-walking participants is a limitation. However, a sub-group of nonwalking participants were studied alongside the walking group and found to be not different to the previously collected non-walking group, which legitimised the data merger. There were also no differences between participants who took part in the TSST-G at different times or in different group sizes. Furthermore, all assays were conducted in the same laboratory. It would have also been beneficial to have controlled the activities that the non-walking groups took part in during the 30 minutes prior to the TSST testing session to ensure that their experiences were identicial. The walking participants walked in the same groups in which they took part in the TSST-G and may therefore felt more connected and supported during the TSST-G than the non-walking groups. This support might have influenced overall cortisol responses.
However, the non-walking group 1 did have the same opportnity for social bonding by sitting in a room together for 30 minutes prior to the TSST briefing and the test itself, providing a control for this possibility.
The method of assessing fitness could also be considered as a limitation. It would have been more accurate to assess fitness through use of a VO 2 max or submaximal fitness test as opposed to using heart rate during submaximal exercise as a predictor of fitness. However, it is likely that these testing procedures may have mitigated against participant recruitment and adherence; particularly the use of a VO 2 max test which is an instrusive and exhaustive test.
Furthermore, heart rate during submaximal PA is accepted as a good marker of fitness (Carter et al., 2003) .
The findings of this study identify a clear need for further research in the area of PA and psychosocial stress. Whilst, there is evidence to suggest that individuals who are more active and fit have reduced physiological responses to stress (Klaperski et al., 2014; Strahler et al., 2016) , and that long term exercise interventions can reduce stress reactivity (Klaperski et al., 2013) ; research has typically involved small sample sizes and has not considered the potential impact of a bout of PA immediately prior to a stressor. In the current study the PA took place 30 minutes prior to onset of the stressor. It is possible that this timing could play a significant role in the PA-stress relatonship, as could the duration and intensity of the exercise (Childs & De Wit, 2014; Hackney, 2006) . However, there is little research in this area and these relationships therefore need exploring further in order to optimise health interventions.
Research has also not considered the use of natural environments in reducing stress. It would therefore be useful to determine whether there are differences in cortisol secretion not only in individuals who are physically active but also who regularly use green space for both leisure and PA. There is also a need for research to examine whether GE interventions can be used as a tool for modifying stress responses and whether their impact is greater than traditional exercise interventions. If this is the case, this could have important implications for stress coping and public health.
In summary, the findings of this study indicate that non-athletic young females with greater fitness, as well as prior moderate intensity PA for 30 minutes, are both associated with lower salivary cortisol concentrations during psychosocial stress. These differences remain significant when controlling for age, smoking status, BMI, oral contraceptives and menstrual phase. These results are suggestive of a potential role of fitness in reducing physiological stress and indicate that PA could be used as a tool for modifying susceptibility to stressrelated ill health. 
